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ABSTRACT 
Background: The Recover Study is an ongoing, prospective study designed 
to assess toxicity associated with the use of nucleoside analogue reverse tran- 
scriptase inhibitors (NRTIs) (stavudine, zidovudine, lamivudine, didanosine, 
abacavir) in HIV-l-infected patients receiving highly active antiretroviral thera- 
py (HAART) in routine clinical practice. This project is being conducted at 120 
HIV units at teaching hospitals across Spain. 
Objective: The aim of this study was to identify the most common treatment- 
limiting moderate to severe clinical and laboratory adverse ffects (AEs), and the 
individual NRTIs involved in the development of these effects, in HIV-l-infected 
patients receiving HAART who discontinued use of an NRTI in the Recover Study. 
Methods: Patients eligible for participation in the Recover Study are aged 
->18 years; have virologically documented HIV-1 infection; have sustained viral 
suppression (viral load <200 cells/mL or stable, heavily experienced [ie, have 
received ->3 antiretroviral regimens] patients with viral load <5000 cells/mL) for 
_>6 months; are receiving HAART; are undergoing active follow-up; and have devel- 
oped ->1 NRTI-associated AE that, in the opinion of a study investigator and under 
the conditions of routine clinical practice, justified discontinuation of treatment 
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with the offending drug (principal AE/offending NRTI). The present study included 
patients recruited for the Recover Study between September 2002 and May 2003. 
Results: A total of 1391 patients were enrolled (966 men, 425 women; mean 
age, 42 years [range, 18-67 years]). Five hundred six patients (36.4%) had been 
diagnosed with AIDS. The mean duration of treatment with the offending NRTI 
was 74 months (range, 6-156 months). Seven hundred nine patients (51.0%) 
were receiving fourth-line (or more) therapy. Eight hundred twenty-one patients 
(59.0%) were receiving nonnucleoside analogues, and 552 patients (39.7%), pro- 
tease inhibitors, as components of their HAART regimens. The NRTIs with the 
highest discontinuation rates were stavudine (914 patients [65.7%]) and zido- 
vudine (177 [12.7%]). The most frequent NRTl-related AEs were lipoatrophy 
(550 patients [39.5%]) and peripheral neuropathy (170 [12.2%]). Lipoatrophy 
was most commonly associated with stavudine (480/550 cases [87.3%]); periph- 
eral neuropathy, with stavudine and didanosine (107/170 [62.9%] and 48/170 
[28.2%] cases, respectively); and anemia, with zidovudine (70/77 cases [90.9%]). 
Conclusions: The results of this study in patients with HIV-1 recruited in the 
Recover Study and undergoing HAART suggest hat long-term treatment with 
NRTIs is associated with AEs (lipoatrophy, peripheral neuropathy, and lipo- 
dystrophy), with morphologic disorders (lipoatrophy, lipodystrophy) being the 
most common AEs leading to discontinuation. Minimizing these AEs by switch- 
ing to an NRTI not associated with these AEs (eg, tenofovir) would contribute 
to adherence and hence efficacy of long-term HAART. (Curr Ther Res Clin Exp. 
2005;66:117-129) Copyright © 2005 Excerpta Medica, Inc. 
Key words: nucleoside analogue reverse transcriptase inhibitor toxicity, 
stavudine, zidovudine, lamivudine, didanosine, abacavir, tenofovir, HIV-1 infec- 
tion, AIDS, highly active antiretroviral therapy. 
INTRODUCTION 
Before the advent of highly active antiretroviral therapy (HAART) for the manage- 
ment of HIV-1 infection in the early 1990s, nucleoside analogue reverse transcrip- 
tase inhibitors (NRTIs) (stavudine, zidovudine, lamivudine, didanosine, abacavir) 
were the only drugs available for HIV-1. However, this drug class was associat- 
ed with a high rate of serious adverse ffects (AEs), which led to treatment limi- 
tations. With the efficacy of HAART, however, the spectrum of toxicity seems 
to have changed, and the awareness of AEs associated with long-term use of 
HAART regimens containing NRTIs has increased. 1 
In most cases, the HAART regimen includes 1 protease inhibitor (PI) or non- 
nucleoside reverse transcriptase inhibitor (NNRTI), combined with 2 NRTIs. 
The use of this treatment strategy has led to reductions in HIV-l-related mor- 
bidity and mortality. Mortality declined from 29.4 per 100 patient-years in 1995 
to 8.8 per 100 patient-years in 1997. 2 In many patients, these reductions are sus- 
tained in the long term. 2 However, morphologic disorders--changes in body 
composition and/or metabolism (eg, lipoatrophy, l ipodystrophy)--have b en 
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increasingly recognized in patients receiving HAART. 3 In particular, lipoatrophy, 
or subcutaneous fat wasting, in HIV-l-infected adults is disfiguring and poten- 
tially stigmatizing and has been associated with decreased adherence to and 
hence efficacy of HAART. 4-6 Although progressive, selective wasting of subcuta- 
neous fat in the face and limbs of HIV-l-infected patients receiving HAART has 
been attributed to long-term use of Pls, 7,8 fat wasting has also been observed in 
PI-naive patients, suggesting an independent effect of NRTI therapy. 9,1° 
Long-term treatment with NRTI-containing HAART regimens has been associ- 
ated with AEs including hyperlactatemia, l ctic acidosis, hepatic steatosis and 
other hepatotoxicities, pancreatitis, lipoatrophy/lipodystrophy, eripheral neu- 
ropathy, and hematologic toxicity. 1Of these, all but hematologic toxicity appear 
to have a common etiology involving the inhibition of polymerase-gamma 
action, which replicates mitochondrial DNA, leading to mitochondrial toxicities, 
which, in turn, lead to morphologic disorders. 11-13 Some of these AEs are seri- 
ous enough to warrant reatment discontinuation r regimen changes. 14 In ad- 
dition, it is sometimes difficult to determine the contributions of individual 
agents to the development of these AEs. 
The Recover Study is an ongoing, prospective study designed to assess tox- 
icity associated with NRTI therapy in HIV-l-infected patients receiving HAART 
in routine clinical practice. The study is being performed in 120 HIV units at 
teaching hospitals across Spain. The objective of the present study was to iden- 
tify the most common treatment-limiting moderate to severe clinical and labo- 
ratory AEs, and the individual NRTIs involved in the development of these 
effects, in HIV-l-infected patients receiving HAART who discontinued use of an 
NRTI in the Recover Study. 
PATIENTS AND METHODS 
According to the design of the Recover Study, patients are eligible for inclusion if 
they are aged ->18 years; have virologically documented HIV-1 infection; have sus- 
tained viral suppression (viral load <200 cells/mL or stable, heavily experienced [ie, 
have received _>3 antiretroviral regimens] patients with viral load <5000 cells/mL) 
for ->6 months; are receiving HAART; are undergoing active follow-up; and have 
developed ->1 NRTI-associated AE that, in the opinion of a study investigator and 
under the conditions of routine clinical practice, justified discontinuation f treat- 
ment with the drug. For the purposes of the present study, the AE leading to dis- 
continuation is referred to as the principal AE, and the NRTI associated with the 
principal AE and therefore discontinued is referred to as the offending NRTI. The 
fact that treatment with one particular NRTI was discontinued does not necessar- 
ily mean that the principal AE was caused by that NRTI--only that the principal AE 
has been shown to be associated with the NRTI. After the development of an AE, 
patients are followed up every 12 weeks until the AE resolves or up to 48 weeks. 
In the present prospective, observational study, patients recruited into the 
Recover Study cohort from September 2002 to May 2003 were included. At the 
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time the Recover Study was initiated, Spanish requisition did not require pro- 
tocol approval of an ethics committee. Patients included in the study were 
informed of the protocol and provided verbal informed consent o have their 
data included in the Recover database. The confidentiality of the information in 
the database is safeguarded based on Spanish law. This database is registered 
in the Agencia Espanola de Protecci6n de Datos, an agency that warrants the 
confidentiality of all data. 
Identif ication of Toxicities 
In the Recover Study, clinical and laboratory NRTI-associated abnormalities 
are recorded. Clinical abnormalities are identified using qualitative physical 
examination. Laboratory analysis includes serum chemistry and hematology. 
Blood samples are also obtained for HIV-1 RNA measurement and T-cell subset 
analyses. 
Lipodystrophy was clinically identified using qualitative physical examina- 
tion, and was defined subjectively as the presence of peripheral (face, arms, but- 
tocks, or legs) lipoatrophy and central (abdomen, dorsocervical spine region) 
fat accumulation. The presence of only signs of lipoatrophy (eg, peripheral fat 
loss, especially in the face or limbs) or fat accumulation was not classified as 
lipodystrophy. Lipodystrophy was assessed independent of the principal AE. 
Statistical Analysis 
Standard escriptive statistical analyses were performed to show the preva- 
lence of AEs. Statistical analyses were performed using SPSS version 11.50 
(SPSS Inc., Chicago, Illinois). 
RESULTS 
A total of 1391 patients (966 men, 425 women; mean age, 42 years [range, 18- 
67 years]) were enrolled. Demographic and clinical characteristics and anti- 
retroviral treatment history of the study population are shown in Table I. 
The mean duration of previous antiretroviral therapy was 74 months (range, 
6-156 months). Seven hundred nine patients (51.0%) were receiving fourth-line 
(or more) therapy. Eight hundred twenty-one patients (59.0%) were receiving 
treatment with an NNRTI, and 552 (59.0%) a PI, as a component of their HAART 
regimen at the time of occurrence of NRTI-related toxicities (Table I). The NRTIs 
with the highest discontinuation rates were stavudine (914 patients [65.7%]) and 
zidovudine (177 [12.7% ]). The most frequent NRTI-related AEs were lipoatrophy 
(550 patients [39.5%]) and peripheral neuropathy (170 [12.2%]). 
NRTl-associated toxicities leading to discontinuation (principal AEs) are 
shown in Table II. Overall, l ipodystrophy led to discontinuation i 142 patients 
(10.2%), and fat accumulation alone led to discontinuation i 28 (2.0%). The 
most common laboratory abnormality, anemia, was the principal AE in 77 pa- 
tients (5.5%). The figure shows the percentages of NRTIs associated with each 
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Table I. Demographic and clinical characteristics and antiretroviral treat- 
ment history of the study patients (N = 1391). 
Characteristic Value 
Age, mean (range), y 42 (18-67) 
Sex, no. (%) of patients 
Male 966 (69.4) 
Female 425 (30.6) 
Race, no. (%) of patients 
White 1 391 (100.0) 
Mode of infection, no. (%) of patients 
Intravenous drug use 680 (48.9) 
Heterosexual contact 359 (25.8) 
Homosexual contact 291 (20.9) 
Data not available 39 (2.8) 
Other* 22 (1.6) 
Degree of disease, no. (%) of patients 
AIDS t 506 (36.4) 
HIV-1 RNA <200 copies 1000 (71.9) 
CD 4 count, mean, cells x t06/L 527 
Previous antiretroviral therapy 
Agents received, mean 3 




No. (%) of patients 1030 (74.0) 
Treatment duration, mean, mo 50.9 
Zidovudine 
No. (%) of patients 262 (18.8) 
Treatment duration, mean, mo 38.4 
Lamivudine 
No. (%) of patients 808 (58.1) 
Treatment duration, mean, mo 50.0 
Didanosine 
No. (%) of patients 545 (39.2) 
Treatment duration, mean, mo 39.0 
Abacavir 
No. (%) of patients 262 (18.8) 
Treatment duration, mean, mo 29.0 
PIs 
No. (%) of patients 552 (39.7) 
Treatment duration, mean, mo 34.4 
NNRTIs 
No. (%) of patients 821 (59.0) 
Treatment duration, mean, mo 38.7 
HAART = highly active antiretroviral therapy; NRTIs = nucleoside analogue reverse tran- 
scriptase inhibitors; PIs = protease inhibitors; NNRTIs = nonnucleoside reverse transcrip- 
tase inhibitors. 
*Includes blood transfusion, accidental, and unclear mode of infection. 
tCenters for Disease Control and Prevention Category C disease, is 
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Table II. Toxicities causing discontinuation of nucleoside analogue reverse 
transcriptase inhibitors in the study population (N --- 1391). 
Adverse Effect No. (%) of Patients 
Clinical abnormality 
Lipoatrophy 550 (39.5) 
Peripheral neuropathy 1 70 (12.2) 
Lipodystrophy* 142 (10.2) 
Vomiting 34 (2.4) 
Hypersensitivity reaction 29 (2.1) 
Fat accumulation 28 (2.0) 
Nausea 21 (1.5) 
Lactic acidosis 19 (1.4) 
Muscular pain 18 (1.3) 
Diarrhea 18 (1.3) 
Asthenia 15 (1.1) 
Cutaneous rash 11 (0.8) 
Pancreatitis 9 (0.6) 
Headache 6 (0.3) 
Fever 4 (0.3) 
Other t 32 (2.3) 
Laboratory abnormality 
Anemia (Fe <9.5 g/dL) 77 (5.5) 
Hypertriglyceridemia (TG >250 mg/dL) 37 (2.7) 
Elevated ALT (>2.5 x ULN) 18 (1.3) 
Hyperlactatemia (lactate >2 mmol/L) 
(asymptomatic) 16 (1.2) 
Leukopenia (WBC count <4000 cells/ML) 14 (1.0) 
Hyperamylasemia (amylase >1.39 x ULN) 13 (0.9) 
Elevated AST (>2.5 x ULN) 11 (0.8) 
Hypercholesterolemia (TC >220 mg/dL) 10 (0.7) 
Elevated CPK (>3 x ULN) 6 (0.4) 
Hyperglycemia (FPG >116 mg/dL) 3 (0.2) 
Thrombocytopenia 
(thrombocyte count, <75,000 cells/IJL) 1 (0.1) 
Other~ 12 (0.9) 
Fe = iron; TG = triglycerides; ALT = alanine aminotransferase; ULN = upper limit of normal; 
WBC = white blood cell; AST -- aspartate aminotransferase; TC = total cholesterol; 
CPK = creatine phosphokinase; FPG = fasting plasma glucose. 
*Lipodystrophy: 142 patients (10.2%) had lipoatrophy plus fat ccumulation. 
tlncludes end-stage hepatic disease, abdominal pain, gynecomastia, edemas, dyspepsia, 
arrhythmia, chemotherapy, and cholelithiases. 
~lncludes elevated lipase, macrocytosis, and T-glutamyltransferase increase. 
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Figure. Rates at which nucleoside analogue reverse transcriptase inhibitors were associ- 
ated with adverse effects in the study population (N -- 1391). *Lipodystrophy: 
142 patients (10.2%) had lipoatrophy plus fat accumulation. 
toxicity. The most common NRTI associated with ]ipoatrophy was stavudine 
(480/550 cases [87.3%]). Stavudine and didanosine were most commonly asso- 
ciated with peripheral neuropathy (107/170 [62.9%] and 48/170 [28.2%] cases, 
respectively). Zidovudine was most commonly associated with anemia (70/77 
cases [90.9%]). 
DISCUSSION 
This large-cohort analysis hows the impact of NRTI-related toxicities associat- 
ed with long-term HIV-1 management using NRTI-containing HAART regimens. 
Lipoatrophy was the most frequent principal AE and was most commonly asso- 
ciated with the use of stavudine. 16
Thymidine analogues have been associated with the development of lipoat- 
rophy. 9,1° Studies of switching from stavudine or zidovudine to abacavir due to this 
AE have shown little or no apparent improvement in peripheral fat wasting. 14,17 
However, it should be kept in mind that there is no widely accepted efinition 
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of HAART-associated lipoatrophy, and that little is known about the natural 
course of the lipodystrophy syndrome, defined as _>1 of the following clinical 
features 18: 
• No steroid therapy and no AIDS-related or other severe illness in the past 
3 months, and ___1 of the following: 
• Peripheral fat wasting; 
• Central adiposity and ___1 of the following: 
- Fasting triglyceride l vel >2.0 mmol/L; 
- Fasting total cholesterol level >5.5 mmol/L; 
- Fasting C-peptide level >2.5 nmol/L; 
- Impaired glucose tolerance. 
Other AEs, such as peripheral neuropathy, also frequently led to the discon- 
tinuation of an NRTI, in particular stavudine and didanosine) 3,19 With regard to 
laboratory abnormalities, anemia in association with zidovudine was the most 
frequently observed AE. On the other hand, dyslipidemia (historically associat- 
ed with the use of PIs) 3,20 was present in a considerable percentage of patients. 
Switching treatment in patients with clinically significant body-composition 
and/or metabolic hanges has been extensively investigated 14,21 in patients 
receiving PIs. The clinical benefits of switching one component of the NRTI 
regimen has been investigated more recently. In one study, 17,22 significant 
improvements in subcutaneous fat continued over 104 weeks after patients 
with moderate to severe lipodystrophy were switched from stavudine or 
zidovudine to abacavir. Another study explored switching from stavudine or 
zidovudine to tenofovir or abacavir to prevent he mitochondrial toxicity that 
causes many AEs associated with long-term HAART regimens consisting of ___1 
NRTI. In this study, switching from a thymidine analogue to abacavir or teno- 
fovir for 48 weeks led to similar, significant increases in limb fat. Although both 
agents maintain virologic suppression, tenofovir was associated with fewer 
treatment discontinuations and greater improvements in lipid parameters com- 
pared with abacavir. 23 
Stavudine-associated mitochondrial toxicity may play a role in the etiology 
of lipoatrophy. Two recent Spanish studies 24,25 explored the hypothesis that 
switching from stavudine to tenofovir would result in an increase in mitochon- 
drial DNA in peripheral blood mononuclear cells (PBMCs) and an improvement 
in lipid profile and peripheral lipoatrophy. In the Lipotest Study, 24 53 patients 
with HIV-1 RNA <50 copies/mL and lipoatrophy receiving stavudine (40 mg)-based 
antiretroviral therapy regimens were enrolled. Switching from stavudine to 
tenofovir was well tolerated, and virologic and immunologic success was main- 
tained. Patients howed a rapid improvement in lipid profile, decreased lactate 
levels, and a slight amelioration ofmitochondrial DNA content in PBMCs. In addi- 
tion, they presented a slow but significant recovery of the fat mass and the malar 
fat thickness. In the d4T40/30 Study, 25 56 patients with HIV-1 RNA <50 copies/mL 
and lipoatrophy receiving stavudine (40 mg)-based antiretroviral therapy regi- 
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mens were enrolled. Patients were switched to stavudine 30 mg or tenofovir 
(both, n = 18) or continued with stavudine 40 mg (n = 20). Reducing the stavudine 
dose from 40 to 30 mg BID was as effective as switching from stavudine to teno- 
fovir. Both strategies were associated with decreased serum lipid levels and 
increased body fat, although the effect of switching to tenofovir was higher than 
that of reducing stavudine dose. 
Long-term follow-up of patients in the Recover Study cohort will provide 
important data concerning the management and outcomes of NRTI-associated 
toxicities. In a preliminary analysis of this cohort, switching from stavudine 
to tenofovir in virologically suppressed HIV-l-infected patients significantly 
improved hypercholesterolemia and hypertriglyceridemia in the short term 
(12 weeks) (P < 0.00I) .  26 
CONCLUSIONS 
The results of this study in patients with HIV-1 recruited from the Recover 
Study and receiving HAART suggest hat long-term treatment with NRTIs is 
associated with AEs 0ipoatrophy, peripheral neuropathy, and lipodystrophy), 
with morphologic disorders (lipoatrophy, lipodystrophy) being the most com- 
mon AEs leading to discontinuation. Minimizing these AEs by switching to 
another NRTI not associated with these AEs (eg, tenofovir) would contribute to 
adherence and hence efficacy of long-term HAART. 
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